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Polynuclear Aromatic Hydrocarbons

in the Water Environment *
JULJAN B. ANDELMAN, Pu.D.! & MICHAEL J. SUESS, Sc.D. 2

Afany polynuclear aromatic hydrocarbons (PAIN) are known to be carcinogenic to
animals and probably to man. This review is concerned with carcinogenic and non-carcino-
genic- PAH in the water environment, with emphasis on 3,4-benzpyrene (BP) because it
is ubiquitous, is one of the most potent of the carcinogenic PAH and has been widely studled.
Although PAH are formed in combustion and other high-temperature processes, there is
also evidence for their endogenous formation in plants, which may explain their ubiguity
therein. Although the solubility of these compounds in pure water Is very low, they may
be solubilized by such materials as detergents, or they may otherwise occur in aqueons
solution associated with or adsorbed on to a variety of colloidal materials or biota, and
thereby be transported throngh the water environment. A notable characteristic of PAH
is their sensltivity to light.

PAH have been found in industrial and municipal waste efflucnts, and occur in soils,
ground waters and surface warers, and their sediments and biota. With the exception of
filtration or sorption by activated carbon, conventional water treatment processes do not
efficiently remove them, and they have been found in domestic water supplics. Because of
the ubiquity of PAH in the enviranment, it is impossible to prevent completely man's
exposure 1o them ; nevertheless their surveillance should be comiimued and their concen-

trations in the environment should be reduced where praciicable.
CEEREE—

INTRODUCTION

Many polynuclear aromatic hydrocarbons (which
will be. referred to as PAH) are known to be car-
cinogenic to animals and probably to man (Badger,

., 1962; Falk ct al., 1964; Hucper & Conway, 1964).

The potential hazard of PAH to man in water
supplics has been noted by the WHO Expert Com-

Qittee on the Prevention of Canc 4) \
states?
"ﬂ nm—

—— —

Industrial efliucnts and atmospheric pollutants can fiad
theic way into water supplics., Water purification pro-

_* Tho major portion of this work is abstructed from the
dissertation of Michael J. Suess, which was submitted to
tho Graduate School of Public Health, University of Pitis-
burgh, USA, in partial fulfilment of the requircments for tho
degree of Doctor of Science in Lavironmental Hecalth,
Deceinber 31967, This study was supported in part by
Grant No. I-1 from the [eaith Rcscarch and Services

' Foundation, Pittsburgh, Pa., USA. Puper first submitted

21 May 1968; reviscd paper submitted 3 Junuary 1969,
. !Graduate School of Public Health, Univensity of
Pitisburgh, Pittsburgh, Pa., USA.

Y Emvirenmental Health Service, World Health Organi-
ation, Regional Oftice for Europe, Copenhagen, Denmark.
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cedures in general use are designed to deal with bacterio-
logical hazards and specific chemical impuritics, Each

- chemical impurity may necessitate special measurcs. 1t is

important that attention should be given to this problem
in tcrms of carcinogenic compounds,

In surveying the literature concerning the incidence
and significance of such PAH in natural and treated
waters, it became apparent that the large majority
of these studics were being performed in. Europe.
For cxample, Wedgwoed & Cooper, in England,
have studied PAH in industrial efllucats and scwage
(Wedgwood, 1952a, 1952b, 1953; Wedgwood &
Cooper, 1953, 1954, 1955, 1956). Borneff and co-
workers, in Germany, have investigated the incidence
and origin of PAH in, and adjacent to, fresh water
and water supplics, as wcll as the cffectivencss of
various trcatment processes (Borneff, 1960, 1963a,
1963b, 1964a, 1964b, 1965, 1967, 1969; Bornef &
Knerr, 1959a, 1959b, 1960; Bornefl & Fischer,
1961a, 196tb, 196ic, 1962a, 1962b, 1962c, 1962d,
1963; BornefT & Kunte, 1963, 1964, 1965, 1967,
1969; Borrefl, Engelhardt ot al,, 1968; Kunte,
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POLYNUCLEAR AROMATIC IIYDROCARBONS IN THE WATERENVIRONMINT 481
TABLE $
LIST OF PAH COMPGUNDS
’ Symbol Compound . Car:l:’:gs;-c" ':f'.','r'f,','.',ﬂ"
AC anthracene ? CrHne
AF alkylNuoranthone
AN acenaphthylene Curkhs
AP alkylpyrone ?
. AT anthanthrene - CasHee
BA 1,2-benzanthraceno + CuHue
3,4-BF 3,4-bhonzfluoranthone ++ Crolue
10,11-8F 10,11-benzfivoranthene ++ CrHu
11,12-BF 11,12-benzfluoranthono - CuHn
BP 3,4-benzpyrone +++ CaHu
1,.2-8P 1,2-benzpyrone % CeeHie
BPR 1,12-benzperylene | - CnHu
CH chrysene + CuHu
CR coronone - CreHie
DBA }  1.258-dibenzanthracone +++ CasHie
DMBA 9,10-dimethyl-1,2-benzanthracene (active) CaeHie
FL [ fluorentheno - CuH
FR i fluorene b CuMuwe
P ! indeno (1,2,3-cd) pyrene + CrzHus
MCA E 3-methyicholanthrene - (activa) i CarHe
PA i phenanthrene ? ‘ F-.Hu
PR : peryleno - CreHus
PY pyrene - Cisklre
TP triphonylene -— I Culn
1

8 Potency nomlon. +++. active; 4+, modorate; 4+, weak; —, inactive; ?, unknown. (Com-
pounds [abelled * active * are so listod' by several uuthors) The notation is taken from Mofiman &

Wynder (1982).
¢ Refercnce from Graf & Nowak (1568).

distilled water by an analytical technique scnsitive
to 0.01 pg/mre (Borncﬂ & Knerr, 1960)

or spccnl intcrest is the phenomenon of solubiliza-
tion (Klevens, 1950; McBain & Hutchinson, 1955),
which is defined by the Iatter as * a process in which
otherwise insoluble matter is brought into solution
by eallojdal matter, specifically by micelles.”

oY tubilizati [ PAH | ieolles_is_of pare
ticular intcrest because the latter are formed..in_
mr_hy_m_e_tw;ggﬁs. However, it should

be noted that solubilization docs not occur until a

suflicient amount of the solubilizing agent hns been

added and the region of the gritigal
tration (CMC) reached. Once TRE W :
CMC is reached, the increase in conccntmhon of
solubilizing agent resulls in incrcased solullity of
PAU, although the rclationship is often not a linear
onc. In gencral, the CMC for synthetic detergents

gy wee cuqwm o -
\




is high, onc study mcasuring a valuc of 40 mg/litre
of a lincar alkylbenzene sulfonate in drinking-watee
(BOhm-Gossl & Kriger, 1965). Thus, for most
natural and treated waters the detergent concentra-
tions arc lower than the minimum amount required
to solubilize.

reduced somewhatthe BPchradatiog cgmnamdx
the solution that had been exposcd to air prior
scaling and irradiation. However, BP in thc.axye
saturated solution decomposed at a mwuch hig

rate. Scveral other mvestigations w tIorm
stuayl'ng similar cffccts of various light sour

One must also consider lhe phenomcnon o{hydras. organic solvents in purc form or as mixed aquc

ropy, that is, the

l‘orcxample the increascd BP watersolubnhtyby

lactic acid (Ekwall & Sjéblom, 1952), purines, such
as €xficine (Weil-Matherbe, 1946), acctone (Graf &
Nothhafit, 1963; Suess, 1967), and EEEEI alcohol

(Brock et ni.. 1938' Sucss. 1967)

There is sgﬂicient
of the incrcase
ic_comnounds that ma

. Finally, 1t shou note:
that highly ed water containing emulsion

_g_,_mﬂm_L_____s___u;
organic_solvents would be capable of containing
:dwagg_c qunnliﬁcs.._n_f, PZE, ) )

Tha.sorption of PAH on to surfaces is an impor-
tant characteristic | auon to their presence in
environmental waters, The ability of BP to con-
centrate on activated carbon, calcareous material,
silica, glass and plastics by sorption has been noted
(Brock ct al., 1938; BornefT & Knerr, 1959a; Mallet
& Schneider, 1964; Knorr & Gitzschmann, 1966;
Sucss, 1967). Hence, the presence of minerals and
other suspended and settled particulates in environ-
mental waters shotld be considered in relation to
their ability to contain and carry PAH.

Mﬁ_&w
light and oxygen, is an important characteristic in
Tcﬁm—t'o_ﬁ'.sc%‘prcsencc in water or any other
environment. Recently, a study was made of the
degredation of BP and 12 other PAH dissolved in
cyclohexane and dichloromethane (Kuratsune &
Hirohata, 1962). Sunlight, fluorescent lamps, and an
ultraviolet source consisting mostly of the 365 mp
and 366 mp mercury lincs, were the sources of
illumination, the solutions being irradiated for up
to 377 hours. The most light-sensitive compounds
were naphthacene and DMBA, with BP and AC
following. The other PAH generally did not decom-
posc. Degradation was similarly affected by daylight-
type fluorcscent umps and sunlight when using
reasonably comparatble light intensities and exposure
times. Using an ultraviolct source, the decomposi-
tion of BP was compared in oxygen- and nitrogen-

s1lur‘llcd solutions. The nitrogenasaturuted sojution

solutions, and the presence of oxygen on the dcg
dation of BP and other PAH (Kricge! & Herfos
1957; Woenckhaus et al., 1962; Reske & Sta
1963, 1964; Tanimura, 1964; Reske, 1966; Mast
& Kuratsune, 1966; Harrison & Raabe, 1967; Sut
1967; Jiger & Kassowitzova, 1968).

A study was made of the degradation of BP sort
on to surfaces of calcium carbonate in aqueous s
pensions exposed to fluorescent light (Suess, 19
Andelman & Suess, in press). Such a system
likely to simulate BP behaviour in natural wa
environments, particularly because of the demic
strated ability of BP to sorb on to mineral surfac
The effects of light intensity, oxygen concentrat’
temperature, pH and ionic strength on the pho
decomposition rate were determined, and the mecl
nism of this process was discussed. The resu
indicated that whilz hj izht_intensi
concentration and temperature accelerat .

on, pH and’] rength in the ranges stud
had no cffect, :

Of immediate implications for ecnvironmen
waters was onc study in which a comparison w
made of the light scnsitivity of BP in crystalli
form, vegctable o0il and aqueous detergent solutic
using ultraviolet irradiation and daylight (Bornefl

Knerr, 1959b). The degradation was greatest.in |
aqueous detcrgcnt solution,_next in the.oilsotatio
and lcast in the crystallipe form.. With daylig
ilfumination of about 8000 lux (1.2 mW/cm®) appro
matcly 20 houps were required to degrade 909
the BP in the aqueous solution, and 60-90 hou
in oil. The ultraviolet wavi :
particu ive. Because these PAH ha
varying degrees of sensitivity, their relative concee
trations in the eavironment need not reflect the
in the contaminating sources. he
oxygen and other oxidizing agents wi
incrcasg rate of degradation of thy
and mixed aqué
than in purc orginie

The analytical, concentration and separation teg
niques for examining PAH in environmental samp’
have been comprehensively reviewed (Sawicki, 196
Sawicki emphasized that in environmental samp’

reseng
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these compounds arc generally present in very
smafl quantitics, along with many other kinds of

qiethods for their analysis, it is neg

jhe PAIL from othcr clusscs of compounds .md [tom
cach other. In addition they must oficn bc concen-

liquid an
been used in the initial stages of scparation and
concentration, often followed by column, paper and

iquid-liquid extraction techniques have

thin-layer chromatography. Gas chromatography
has also been used as a scparation-analysis tech-
nique. ost frequentl i tal

cthods for identification and quantitative analysis
re based on the ultraviolet-vi n spec-
WC € fuo spectra. A concise

description of the simultancous determination of
13 PAH is given by Grimmer & Hildebrandt (1965a).
For a routine determination of PAH in drinking-
water, however, a simplified procedure is referred
to by the World Hcalth Organization (1970), sug-
gesting the evaluation of only 6 PAH—namely,
3,4-BF; 11,12-BF; BP; FL; BPR and IP (Borneff &
Kunte, 1969) (Table 1).

It is not the intention of this review o examine
in detail the tcchniques used in the analysis of
environmental samples. Yet, an extensive scries of
studics should be mentioned, as they are particularly
uscful in describing the methodology for the exami-
nation of a wide variety of water and water-related
stmples. There are discussions of adsorption spectra
and chromatographic techniques (Bornefl’ & Krerr,
1959a; Kunte, 1967), cxtraction of BP from water
and sand (Bornefl & Knerr, 1959b), and fluorescence
analysis (BornefT, 1960; Kunte, 1967). In Bornefl's
paper the greater sensitivity of fluorescence com-
mared with ultraviolet-absorption analysis (10-fold)
was noted. This is also discussed clsewhere (Sawicki,
1964), although this sensitivity ratio was there stated
to be in the range of 10-1000. Extraction of PAH
from activated carbon, as well as losses encountercd
in the subscquent steps of distillation, column and
paper chromatography were discussed (Bornefl &
Fisher, 1961a). Descriptions were given for tech-
niques uscd in the analysis of filter mud (Bornefl &
Fischer, 1961b), zooplankton and phytoplankton
(Borneff & Fischer, 1961c), soil (BornefT & Fiscier,
1962d), the centrifugate from surface water (Bornell
& Fischer, 1963), and liquid-liquid cxtraction of
river, lake and tap watcr (BernefT & Kunte, 1964),

Although bioassay with conventional laboratory
inimals has long been used in testing the carcino-

genicity of specific compounds or extracis contaning

arcinopepis PAH may have advantages g
and sensiliv on & Thomits, 1902y,
A photodynamie bivassay using Paraniccunn cau-
datnn has been developed as a presumptive index
of carcinogenicity from PAHM and used w0 ana-
lyse carbon-filicr extracts of finished drinking-water
(Epstein & Taylor, 1966). The corrclation of this
assay with detailed instrumental-chemical analyses
of PAH could obviate the nced for the latter and be
particularly uscful in the analysis of large numbers
of water samples for carcinogenic PAH.

ORIGIN, SOURCE AND VEHICLES

OF TRANSMISSION OF PAH
In this discussion the term *

" origin © will refecto,
the formation of PAH, while - source—i~sigaily.
ﬂl_e%'ﬁt__o:_mmmmﬂ_ﬂlsumea-
trated and_from_which_they-may=be.disseminatod

ntoYHS cnviropment... The vehicles of transmission
arc industnal and domestic eflluents, atmospheric
fall-out, precipitation and run-off water. The ubi-
quity of PAH, in spite of their instability, particu-
larly with exposure to light and oxidizing agents,
and their very low solubility in water, prompt one
to consider their possible origins.

/'(TM’T and sources of PAIl in the «'m-irumnﬂ‘;

Until recently the evidence availuble seemed to
indicate that the carcinogenic hydrocarbons in the
cnvironment are formed only at high temperatures
(Badger, 1962; Buadger ct al. 1966). Badger (1962)
notes that coal tar, which is produced by heayue,

coal in the absence nl' air, consis relainy)

Juced at _high temperatures (e.g., 700 C). as com-
parcd with 300 when the products e
mostly paraffins, cycloparaffins, olefins, and phenols,
The carcinogenic effect of petroleum asphait, cooking
oil and coal tar has been studied (Hucper & Pavne,
1960; Hueper & Conway, 1964; and others). The
materials associated with such high temperature
pyrolysis that have becn shown to contain PAH,
and which may act as a source of them for the w ater
environment, inctude coal tar and conl-tar
shale_ojl (Cabnmann, 1955), and carbon biack,
which is used in many manufacturing processes, par-
ticularly being incorporited into automobiie 1yics
(Badger, 1962). Thus, the yeir of thie latter on ogls
can be a source of PAH. Bitumen or asphait used

—— B xT I

unknown materia's, W%
organic nuiterials. “Thus, prior to using igstoagental i .
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(Grif, 1964, 1965; Grif & Dichl, 1966; G

RY)

: H rlices and car-  Nowak, 1966). Whent and rye were grown |
T ried By ~TUR-oN~WaTer—(Wornell & Kunte, 1965). ponically in solutions made from reagen!
g BP Ras S==misotaredfrom cracked mineral oils but  chemicals which were free of PAH and i
S 3 carcinogenic PAH have generally not been isolated presence and absence of light, Whereas the
<y from uncracked oils (Cook ct al., 1958; Badger, contained only traces of BP the seedlings con'
R 1962). However, there is some evidence for the 10 pg-20 ug BP per kg of dricd material afte
= j occurrence of some PAH in crude oil (Mecinschein, days of growth. It was concluded that the B
1A 1959), and the presence of BP in concentrations of  synthesized by the plants, both in the presenc
Fid about 1 megflitrc has been demonstrated (Griaf &  absence of light. In another scrics of eaperi
<-3 Winter, 1968). Shipping and harbour oils have been it was shown that BP added to the soil or nu
=} connccted with contamination of water by PAH  media accelcrated the growth of kohlrabi, caulifl
| (Shimkin ct al, 1951; Cahnmann & Kuratsune, wheat, rye, and tobacco.

UH 1956: Mallet, Tendron & Plessis, 1960; Mallct & In the case of ryc, the grain output was 3
;— i Le Theule. 1961; Bornell, 1964a), as have cfflucnts  greater when the BP was added. It was found
“:‘“ 1 from a varicty of industrics using pyrofytic processes.  BP was not stored in these eaperiments, but
78] ' The guestion of endopenous formation of PAH  Utilized. Simular cxperiments with DBA, a st
Eg in hngtm-m.m,urm. carcinogen, :\nd_ BA, a wcakex: onc, sugsesi
Tak ] 1962; Bornell, 19636, 198dq; Grif, 1964, 1965; dlr_ect relationship ?f:twcen carcinogenic poter
552- Grif & Dichl, 1966), arises because of their ubiquity amm.als nr!d the ability of PAH to p::omolc ]
S Mummwﬁ.‘mﬂicul arly in a wide variety  1he investigator conclu'dcd that it is likely that
oy - “of matcrials which Were not likcly to have been 1S & world-wide synthesis of PAH in plants. and
,._‘;:“a associated with pyrolytic processes. Several PAH  they havealways been present in man's environ
;: were found in (grest sgils.remote from human Although additional research on the synthes:
% Rabitation and ingther soils (Kern, 1947; Mallet & PAH Dy plants is required to jusufy the conclus
328 Héros, 1962; Binet & Mallet, 1963; Graf, 1965; that the process is a universal one, the great arr
%3 Mallet, 1965a, 1966; ZdraZil & Picha, 1966)._lngen. Of evidence of ihe ubiquity of PAH supports
%3 eral, the upper layer of the earth contains caggino- Jikelihood of such syntheses,

f-;-__ B li although these soils are 3 sQurce o or surface Vehicles of rransmission of P.

a3 Saters, their i 1 (Bornel, 1964a).  Varous industrial entrepriscs are a potential sc
£ ¢ presence of BP cannot be autributed only to  of PAH, and contaminate the water enviror
;: fall-ou rather, it seems to when releasing their large amounts of waste-w
- indi and might e product Of effluents into lakes, rivers and coastal wa
A liy RIS (Blumer, 1961, THe Qibesis.of (Bourcart et al., 1961; Mallet & Le Theule, 1
T PAH by micro-organisms to account for their pres-  Borneff, 1964a; Borneff & Kunte, 1965; Bou
}‘ : ence in filtration wash-water sludge has been sug- & Mallet, 1965). Ipdustrial cfilyonts, loaded

gested (Knorr, 1965), and was later verified by 2  PAH, may be produced by refinerics, industries uf

luboratory study of various bacteria which accumu- MMMW&L@&E?%@}_
lated BP through synthesis in amounts of 2 ug/kg- i by-products, the plastics_and dyes

.
H
Tt

dbdl e Saak b A LROU s bt T i e

2t '
YW
wethy

-

Ay
-

Nt 6 ug’kg of dried material (Knorr & Schenk, 1968).  industrics, high-temperature Turnaces, the Jime in
e . g ™

ity Laboratory culture studics of the fresh water alga try and othecs (Mallet & Le Theule, 1961). Althe
;‘:;::2123 Chiorelln vulgaris have shown that it synthesizes  industrinl waste-water has been generally recogn’
:T;-{ scveral PAH (BornefT, 1964a; Bornefl, Scienka ctal,, as a potential vchicle of transmission of PAH.
Zino: 1968a; Borref!, Scienka etal., 1968b). The extracted  few quantitative investigations have been conduc

algae contained carcinogenic PAH in the range of The majority of the reports were published
10 pg/ke-50 pafig (Bornefl, 1964h). Dritish and Soviet authors (Table 3. The Bri

The presence of PAL has been demonstrated ina  authors studied the PALL content in industrial ¢f
wide variety of planis from diverse sources (Guddal,  ents before entering the city sewers, while the So
1959: Bornefl, 1963b; Grimmer, 1966). Of special  authors put the emiphasis on the study of BP ¢
interest is some recent rescarch on the synthesis of  centration in the cffluents of various proccs:
PAH and their physiological functions in plants  stages of the solid fuel by-product industry (Gorta!
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TABLE 2
PAH CONCENTRATION IN INDUSTRIAL EFFLUENTS

m e v vat———— e, - = - ma = ——— -

BP concontration |

Industry J Sourco of wasic-water ! (ugjlitr) Referance
2=, - s a——— = == — 22
Shale-oil 220 Makhinenko & Dikun, 1962
Dikun & Makhincnho, 1963
! After treatment tor dephenclizntion ! 3 Graf, 1364
i 2 Veldre et o)., 1965a,1965b
I
1
Coke by-products Not indicated | present Yanysheva et al., 1962
! After bicchemica! treatment 12-16 Fedoranko, 1964

After ol separation (3 samples)

Spent gas llquor

8.5, 130, 250, 290 and
* big " quantity

very small quantity ¢

Cherkingky et al., 1953

Wedgwood, 1!.';2!:

Coke or cil-gas works Before discharge t2 sewer

notindicated ® Wedgwood & Cooper, 1855

| Before discharge to sewer (2 plants) 1000 and J40¢ Wedgwood & Cooper, 1958
Oll-gas works % After ofl separetion (3 samples) 3, 6, and 30 Cherkinsky ot al., 1959
Oll tafinery ] After oil separation (3 samples) | none detectod Cherkinsky et al,, 1959
Tar paper Not Indlc;ltod i prosent Grigorov, 1960
Acclyiene Notindicated ! 0.015-0.100 ¢ Fillppov & Ruchenn, 1963
Afnmonlum sullate After cooling and settiing about 10¢ Woedgwaod & Cooper, 1955 B

% Also present were: AT, BA, CH, 7L, PR, and PY,
b prasent or suspected were: AC, AN, 8PR, FR, and PA,
€ Also present were: AC, BPR, FL, and PY.

4 The figures ware taken from Chermical Absiracls, but appear to bo too low. It is assumed that the correct values should

read 13=100 xg/iitre,

¢ Also present: AP, AT, BA, 1,2-BP, CH, FL, PR, PY, and TP,

& Dikun, 1958; Dikun & Makhinenko, 1963) as
well as in the finally treated waste-water (Veldre

ctal,, 1965b). The resuits indicated that RP concen- the system (Wedgwood, 1952b;

tration increased with increased cragking.temperas
ure, but |t was not detected at all in waste-water

mmﬁm
1959; Veldre et aL, 1965a),

Municipal wastcs (Table 3) oftea contain large
quantitics of industrial eflluents (Wedgwood &
Cooper, 1955, 1956). During the rainy scason the
sewer system may also be affected by run-ofl water
passing over roads. In addition, urine wa
foun i (Mallet & Héros, 1960), while
the human metabulite 8-hydroxy-3,4-BP was iden-
lified in both the urine and facces (Iversen, 1947).

13 Fopdsd
as

It was noted that PAH were actually present in
sewage sludge whether or not industrial wastes enter
Wedgwood &
Cooper, 1956).

cnce and fate of PAH in the poll

w
sphere_have been widely studicd, and _discussed.in
detail in the literature. It has been shown that some

of the PAH in air find their way to the ground
adsorbed on to aerosols and bacteria (Mallet &
Héros, 1961), cither by direct scttling or through
precipitation,  Run-ofl water can then colicel the
PAH from arcas covered with atmospheric fall-out
and road-dust (Wedgwood & Coaoper, 1954: BornefT,
1964u; Bornell’ & Kunte, 1965), as well as fiom
freshly tarred or oiled surfaces (Hucper & Ruchhoft,




v TABLEJ
SR PAH CONCENTRATION IN OOMESTIC EFFLUENTS
- —_—
A | Concontratlon (nugjlitre) @ !
f.i Sourca Careinogenlc Total ! Roference
a.v 8P PAN PAH |
:.5_. :' e T —— T g ————
3% Domerstic effluent irem a small '
¥y community aiter primary treatmont 0170 3.0 15.0 Borneff & Kunte, 1964
5’: \Waste offfuents ontering Ratach River: 1  Bornefl & Kunte, 1885
L
“.} Sample | 0.015 02 0.5
£3 Sample il 0.047 1.1 2.7
Ll
£ Sample i 0.079 10 66
§3 Sample IV 0.100 0.5 5.1 i
:2 Sample V 0.038 03 08
i
;:.’._-:,_ g Waste cfMuont of Stackach 0.100 5.0 15.0 Boenofl & Kuate, 1963
i Vizsio cMuent of Radolfzell 0.368 28 28 Borneft & Kuntc, 1965
’.f" Wasio efMuenis of Hegno: Bornefl & Kunie, 1965

L
ﬁ" Samplo | 0.001 0. 0.8
;-.-'.; Sample Il 0.011 1.2 4.2 i
by
i‘f_ { Samplo it 1.810 379 : 82.3 |

- 1 )

gs Samplo IV 0450 316 } 680 !
3___:’-.5 e em e s iaEE @ e e atcme =t % e nm m - ee———- oo e o - i - —— - - i-— . e S——————— ®a———s -
,i_i Vegetablo cold wash-water: i | Grimmar, 1968
Ve .
g Sample | © 160 8. | 252
g | i
i Soample If "' o 53 228 ;
"‘.‘§ - - S IR ST e e e e
~:'-|:-'g Utinu from Pans inhabitanis : ]
=1 (4 samples) ! tlo3 | . Mallet & Héros, 1360
e | —_— e L e e e Jem e - ———
by i I
i:‘_j Sewage of Loningrad : present . i Poglazova et al., 1958
B Sewaqe, final efuent l 0.15-1.50 | Wedgwood & Cooper, 1954, 1956
p;'.: (4 plants—38 samplas) i presant PY, AN. AP and FL )
-'.".:"i Sludge from secondary treatment ' AC, AN, AT, BA, ! Wedgwood, 1932
e {humus) l prasont FL, PR, and PY Wadgwood & Coogar, 1834, 1955
F:_.:!. Humus, dricd 3000 ) Wedgwood & Coopar, 1953
ﬁ: ‘¢ .
',6*;_.-: - ! - - e .
f{_.? 7 Detailed tables with figuraes for the various carcinogenic and non-carcinagenmic PAH aro presonted 1a Barneff & K
:%."? 1884, 1965; Grimmer, 1966.
P
¥4
Eed
g
.:.J; . .
s 1954). A part of the run-off watcer gets into the city PAIL IN FNVIRONMLNTAL WATLRS
%)3 sewers or the natural surface water, while another
g_q part of it may infiltratc through the soil into the Bornefl & Kunte (1964) divided frosh waters
b ground-water. 4 catcgories with respect to their carcinogenic
=% Only a few samples of precipitation and run-off  concentration (Table 4), these being correlate
ol water have been analysed for their PAH content.  gencral with their degree of pollution. How
N ';i Nevertiacless, PAH werc recovered from rain, and  in this review environmental waters are divided
w3 freshly fallen snow (Cooper & Lindsey, 1953; Gilbert 4 different categories. The first two, marine
'};;’} & Lindscy, 1955). surface water, include flora, fauna and scdim
A3
M
S s
';i' -::‘.;: E‘...‘:Zu'- * P
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TABLE ¢

CONCENTRATION OF CARCINJGENIC PAH
IN FRCSH WATERS "

: Canceniration

Water lypne ! range
! {ny/hire)
1
. Ground-water 0.001-0.010
Treated rivar and lako wator ! 0.010-0.025
]
} Swlace water | 0.025-0.100
Surface water, strongly contaminated ! +-0.100

4 Taken from Bornafl & Kunte, 1904,

" in addition to the water itsclf. The other two cate-

' gories are ground- and drinking-water.

The majority of the investigations in the marine:

environment were performed by Mallet & co-workers
(Suess, 1970). Systematic studies were made of
the Ailantic,c Channel and Mediterritnean coists
of France (Mallet ct al., 1960; Mallet, 1960, 1961 :
Bourcart ot al., [961; Mallet & Le Theule, 1961;
Lalou et al., 1962; Mallct & Sardou, 1964; Mallet &
Schneider, 1964: Mallet & Lami, 1964: Perdriay,
1964a; Mallet, 1965; Mallet & Sardou, 1965;
Lalou, 1965: Greflard & Mcury, 1967; Mallet, 1967)
the Bay of Naples, ltaly (Bourcart & Mallet, 1965),

and the western coast of Greenband (Maldlet, Perdriau
& Perdrinu, 1963a, 1963h: Perdriau, 19641 (Fa-
bles § 8). The latter, a practically unpopulated
coast with little shipping and wiler vegetatuon was,
nevertheless, tound to contain on the average the
sume order of BP contamintiony as the [-rench
coasts, thus indicating the ubiquity of BP in the
Qgcans. In a number of Iocamﬁ’
coast the fish and molluses contained notable
amounts of BP, while the alluvind depanits at the
sume lo».mon shomd only traces, w
¥ lhnt
cgnira d fi x_hy rocirbons e

In lhc past it has been suggested that hydrocarbons
may puossibly be transported in the occans by sca
strcams from industrialized and heavily polluted
arcas to remote and unpopulated rcgions (Bourcart
et al, 1961; Mallet & Sardou, 1964). However,
recent reports on endogenous synthesis of PAH in
flora (see previous section) indicate that they may
be formed in these arcas. This can be supported by
studics on the origin of petroleum which showed (he
presence of aromatic (and other) hydrocarbons in
phytoplankton and which postulated that the amount
of aliphatic and aromatic hydrocarbon compounds
produccd by phytoplankton per square kifometre of
occan may be as high as 3 tons (2.7 metric tonnes)
per year (Smith, 1954), Ia addition, plankton may
te able to fix them from exogenous sources (Mallet

TABLE S
CONCENTRATION OF BP IN MARINE PLANKTON

~

' 3P concentration |

H
' Source (ng/kg of dry Reference
] sample)
I Greenfand @ - 58 Mallet, Perdrizu & Perdriay, 15632
| Italy ® 6.1-212 Bourcart & Mallet, 1953
| French Channel const 400 Mallet & Sardou, 1964
French Mediterrancan coast € not dotocted to § | Mallet & Sardou, 1984, 1983
; Estuary, French Channol conat ¢ 100 Matlet & Lami, 1984
Ditto ¢ 350 Malilot & Lami, 1964
Diatoms serving as filters.in food
industey 0 o0 rLened 55 Mallet & Schneider, 1984

8 One semple from depth of 30 m.

b Six sampies ecollceted on watcr surface and from a depth of 2 m.
e Fificen samploas,

4 planiton debris in foam immediately downstream of dam.

€ Plankion debris west of outlct, downstream from dam.

—————— —————— = ——



CONCENTRATION OF BP IN MARINE ALGAE

TABLE ¢

------- I8P concantration !
Sourco i lwglkgotdry ! Reforence
i sampio) |
Grecnland, west coast 9 60 Mallot, Perdriau & Pordriau, 19€3a
Graanland, wost coast ® 60 Mallet, Perdriay & Perdriau, 1963a
Italy 22 Bourcart & Mallet, 1963
French Channel coost not dotected Mallot, 1981

@ Sample from depth of 40 m,

b Ssmples from boitom of the sea and shoro.

CONCENTRATION OF BP IN MARINE FAUNA

TABLE?

Sourco Sample

BP concontration
(ua/kg of dry sample)

Raferance

Cod fish
l Molluse
Grecnland, west const # Holothurlan
I Mussol: shell
body

Mussol: shell
body

lsaly, Bay of Napias ¥

Italy, Bay of Naples ¢ , Molluse
Rtaly. Bay of Naples 4 ;. Sardine

15
(]
not dotectod
18
L]

! "
130 and 540
24
6S

Mallet, Pardriau & Perdrliu. 1

Bourcart & Mallet, 1965

Shrimp, oyster, mussaol,
mollusc, crab, ete.

Various French coasis ¢

not detected to traces to
1.5-90

Mallot, 1961

Franch Atlantlc coast Oystor: shell 3.5 psg/dozen Mallet, Tendron & Plessis, 1}
bedy 0.4 ng/dozon
French Channe! coast Oyster: fower sholl 70 Mallet & Schneider, 1964
upper shell "2 ) )
Franca, Toulon harbour Musse! 18-227 Greflard & Maury, 1957
Alabama Oystor: shell 2% Mallot & Schneidor, 1964
Virginia Oyater 2-69 Cahnmann & Kuratsune, 1957
Cailfornla Gooso barnacle presont Koo & Zechmoister, 1952
California Thatched barnacie prasent Shimken et al, 1951; Koe &
. | Zechmaister, 1952

4 Sample frem depth of 20 m.
b Two samples.

€ Samnle.from dapth of IS m.
¢ Samply fram woter surfaco.

€ Mailot (1961) presents a detadod list of 25 samples covoring 13 specics.

/ Total PAH was aboul 1100-3400 ng/kaq.

7 Total carcinogenic PAH was ahout 3C0 ug/kg, and total PAH about 1200 sg/kg.
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TABLE 8
CONCENTRATION OF BP IN MARINC SEDIMLNTS
[]
Saurce l| Sample ! D(‘::")m BP(::I'I:(C;":Il:?rIyIM , Releronce
. S . oo samele) e ..,
Greenland, west const i Sand 020 H ! Iallet, Perdriau & Pordriay, 1963
- ——— .- A P S — . -
g Mud, sand, shell¥ 1845 1000-3000 ' Bourcart & Mallet, 1965
! sand. shen 13 15 i
«  ltaly, Bay of Naplos l Mud, sand : 2-65 10-530
+ (Blocations) | Mud, sand, shell ® ss 280-960
\ i Muddy sand 120 “ |
t Mud, sand © { ' 100-580 l
- P : —— |
' 0-0.03 1800 ;i Lalou et al, 1962
| [ 0.03-0.08 3600 l
' l 0.08-0.13 5000 -
' i 0.13-0.18 2500 !
French Mediterrancan coast , 0.23-0.23 2200 !
f 0.33-0.38 730 )
' 048-058 | @0 i
' ! U 100 ®
] 2.00. 16 :
! +  Sand . 14 400 ! Soureart ot al,, 1961
' ‘' Btack mud 16 1500 :
french Mcditerrancan const : Sand : 43 5 !
: ) Sand i 50 traces |
. i Boige mud 82 400 .
' Estuary, French Mediterrancan Sand u = Bourcart et al., 1961
: Sand ! 1 20
Ii Sand | 13 !
X Sand : ] 25 |
E tud 102 not detcctod ! -
: French Mediterranean coast §0 ; Eoureert ot al,, 1663
' French Mediterranean coast 20 ; Bourcart ot ol., 1961
French Channol coast Mud 15000 Mallot, Tendron & Plessis, 1960
French Channel and Atlantie ! Mud, sand not detectod ‘ Mailet & Lo Theule, 1963
coasts (11 locations) | ' to 1700
! -

8 Five samples were collected 323 m from shaore. Aroa ls highly Inductrialized.
¥ Four samples wore collected in the vicinity of volcanic pollution.
€ Faur somples, This [siand I3 a%fected by poliution.
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TABLE 9
CONCENTRATION OF PAH IN SURFACE WATERS

i Concontration (ngjhtre) @

1
Source . ap . Carcinogenic , Total | Refarence
| PAN PAH |
l | 0.003 i Bornef® & Fischer, 1962t
Bodensce . 0.0004¢ I .| Barneftl, 1864a
l 0.0013 0.030 l 0.068 Bornoff & Kunte, 1964
. mem o e ——— '
Algrine 0.005¢ i Sorneft, 1964
River Rhine ! presont Holluta & Talsky, 1955
River Rhine g:ggg to { Bornef! & Fischer, 19622
River Rhino at Mainz 0.080¢ I Bornofi, 1584a
Rivar Rhino at Mainz (Mar. 1964) 0.049 0.240 0.713 Borneff & Kunto, 1964
(Mhiar. 1964) 0.114 0.730 i 150
e e ar  ameem—— - - U PO
|
River Main, at Sellgansiadt 0.0024 0.155 0.43 Borneft & Kunte, 1364
River Darube, at Ulm Bornefl & Kunte, 1904
(Apr. 1964) 0.0008 0.058 0.28
{(May 196¢) 0.078 0.20
River Gersprang, at Minster ! Bornefl & Kunte, 1984
{(Jan, 1934) ! 0.0090 | 0.035 0.8
(Anr. 1964) i | 0.038 v 092
River Aach, at Slockach © I 0.50 | ! Bornef, 1961a
Rivor Aach, at Stockach i | Borneq & Kunte, 1985
Samplei 0.043 1.30 3.0
Samplo Il 0.018 0.90 2.3
Samplo Il ! 0.004 0.50 1.4
Sample IV 0.008 1.10 l a
River Schusson (Bodonsco) 0.50°¢ Bornefl, 13%4a
Rlver Schuasen 0.01 0.20 1.0 Bornef! & Kunte, 1965
River Argen (Bodensee) 0.07° Bornefl, i983a
River Seine COnmderl‘hlo Mallet, 1955, 1968
amoun .
|
- bemen tm ot cmms am e e aem i —_ -] - —-
River Plyussa: ] Dikun & Makhinenko, 196
at discharge sile of shale-oil afMuent : 12
3500 m downstream | 1
stthe waterintahe of Narvy i 0.1
A river: i
15 m below discharge of coke by-product
eflluant v-P i 812 Fedoronko, 1984
500 m downstrcam l 2-3
H
Peat (turf) water i 0.08 Grat, 1955

1984 1'f.6?elailod tables with figures for tha various carcinagenic and non-carcinogenic PAH are prasented in Bornoff & X
s 3

b Extrapolated from rapid sand filtration lako mud analyses.
¢ Estragolsted from centrifugate fractions.
¥ Extrapolated {rom octivated-carbon cdsorption analyses.
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& Sandou, 1964), and mcuine founa may be con-  (Bowceart & Mallet, 1965), and activily of organisms,
pmitated with B, repardless o swbether in pole  including Dacteria. The latter may exphiin the very
lted or unpolluted Tocations (Falve 7Y PALL e hagh BI® concentration Touml at somwe pomts amder
aol considered novmal metabolic e odidts of parine  the hottom of the Bay of Villetranche (Lalou et al.,
7 ilter-  1962) (Table 8).
feeding (Shimkin et al.. 1951; Koe & Zechmeister, Carcinogenic PAH have been detected in_p any_
19875 Zechmeister & Koce, 1952; Matlet, Tendron surmfgmma_?ﬂuch
& Plessis, 1960; Mallet, 1960). This may also as the Alprhinc, and rclatively non-polluted lakes,
explain the high BP concentration found in the  such as the Bodensee (Lake Constance), have sig-
wlearcous  shell of some organisms (Mallet &  nificantly lower concentrations of PAIl compared

Schneider, 1964) (Table 7). with polluted rivers, such as thc lower Rhine.
The sources of PAH in the marine scdimgpts  Industrial and municipal cffluents arc an important
include:  surfuce cfluents, ships, volcanic debris s of PAH 1n surface watcr. Phytoplan "
Y
TABLE 10
CONCENTRATION OF PAH IN SURFACE WATER ENVIRONMENT
o | Concentration
: (no/kg of dry sample) &
Source Samsie 1 . Cnrci:-o- Toral Refcrence
aenic
| Fan | PAH
Laboratory T Filamentous a'cze ! 10-50 Bornefl, 1964a
1
dodensce Phyloplankion & i 2 170 700 Bornefl & Fischer, 1962¢
Badensco . Suspended s3'2s € ! 50 1250 1500 Bornofl & Fischer, 1862d
i
8edensoo Suspendod soi'¢s ¥ ! 200 3290 8000 Bt:rsva:ﬂ & Fischer, 1963; Bornofl,;
| a
Ecdangee Suspended s3"12s ¢ ' 3000 Bornofl, 1984a
Alprhine, at Bregenz Suspended soi'23 f: Aug. 1982 ! 150 G20 Bc:r;s;ﬂ. 1664a; BornefT & Kunte,
Sopt. 1562 15 63 .
ner Rhine Suspended go'.2s ¢ ' 300 2600 8000 Bornof? & Fischer, 1963
2ver Rhine, at Mainz Susnended scios ¢ 300 Bornef!, 1964a
e Main, at Seligenstodt | sceo Bornefl, 196¢a
2,2r Aach, at Stockach Suspended s27°ds”: Aug. 1662, 600 6700 17000 Bqlvsl;s;ﬂ. 1984a; Bornaft & Kunte,
i Aug. 1862 | 2000 8400 §0 000
' June 1563 | 500 18000 | 56000
i P er Schussan (Bodensce)! Suspended sofiZs ¢ \ 400 18000 $5 000 Boirgnsesﬂ. 1964a; Bornofl & Kunte,
i
\ 2.er Argon (Bodensoe) Suspendad sc'.és ¢ ' 100 370 9600 qur‘nsgﬂ. 1984a; Bornef! & Kunto,
5 i - . -
i T1sh-waler pool, Italy Tubifex worms { 50 Scaccini-Cleatel!l, 1863, 1968
; ’ S —

.. % Detaited tobles with figures for the c2rcinogenic and non-carcinogenic PAH aro presented in Borneff & Fischor, 1382,
iZe, 1063; Borneft & Kunte, 1965,

: b Up {0 939 were dintoms, Aslcricnei'a fo-mosa.

* Coarsu purlicics only, lron rapid, sa-~<-[iicr buckwash watar scttied In a sedimontation basin.

¢ Rapid, sand-filter mud cenirifugate coi'ectad from baciwash water ziter complete suspension (down to 1 ),
¢ Centrifunato of water sample (Cewn = 1),



= in 1 nsee, TABLE 11
ne_of_the he _Bode CONCENTRATION OF 8P IN RIVER BOTTOM SE

Gowesver, onlya.minoy contributor when ¢ . _ . . -

with industrial _pollution_and run-ofl_water from ! BP
ads (3orncT & Fischer, 1963; Bornefl, 1964a; Source Deoth o g a1 Ro
Bornetl & Kunie, 1965). ™ dry sampla) |
Suspanded solids have been studied as vehicles of : T
ansm: i i ‘e River Saine, ahout | \ Mal'e
transaus ) . renvnronfncnt. .Thc o | l L
suspended solid fractions have been obtained cither irom Pans: '
by cenirifuging the water sample or by collectin'g Coro sampla | 59 3000
rapid-sand-filtration mud (Table 10). Bottom sedi-

o S G LR - —m————

ments demonstrated high concentrations of BP as ™ ® .
well (Tzble 11). The valucs arc comparable in range s ‘4
to those for marine sediments (Table 8). . 10 4
An imcstigation of PAH in ground-water was  Core sampie If 08 | . 8500
performad \uth the conclusion that, in_gencral 3 6500
" e . 1
- 10 50

contration

ranging from 0.001 pg/li 0 peflitre : Coro samplo il 2 10¢oa
1963aBarnall & Kunte, 1964) (Table 12), Coro sampla IV 8 3%
9

Polable water samples from the following sources  Coro samplo V 100
were cxamincd: untreated ground-waler, miacd — — .
ground- oad bunk-filtcred-water (Table 12), and  River Seine mud 15000 Dept
treated river and lake water (Tables 13 and 14), all  —
samples being taken at the tap. It was concluded  Bottom depasit of a
that, in general, the carcinogenic PAIT concentration  [res: bplow 3 eobe 820017000 | Fede
in most Jrinking-water does not exceed 0,025 jpflitre 1

(Bornefl & Kunte, i96d4). On the ather hand, BP : -

could not be detected in the chloroform and aleohol

extracts of carbon filters from finished water at  there is evidence that recovery from activated
different locations in the United States, although  may be incomplete. Because of this it .
there was some cvidence of unidentificd polynuclear preferable in analysing water for its PAH

hydrocarbons (Epsicin & Taylor, 1966). However, to concentrate by liquid-liquid catraction,

TABLE 12
PAN CONCENTRATION IN GROUND-WATER

1 Concantration (.gfitire)"

s e Dn:e?l Raf
ourca > samplo oforonce
Carcinoganie; Total |
BP PAN { PAH | collection )
o ——— '-'-—_—"_‘—-_L'-—“ o At Temws o e e = m '_'  —— - _———-Z
! i
Ground-watcr at Finthon ! ' 0.002 Bornefl, 1984a
Ground-water at-Mainz  * 0.005 Bornefl, 1864a
Ground-watcr 0: ‘ : Bornefl & Kunto, 1964
Sample | 1 0.0001 0.001 0.045 | May 1963
Samplo il 0.0008 0.004 0.034 Aug. 1983

Mixed ground- and
bark-filtcred-water ¥ ! 0.0003 0.009 0.140 | May 1963 Bornoft & Kunte, 1884

—— ey t——e . - - -t . - — . mw— - - - = - e . s -

“ Detuled (abins with figures for lho vanoua carcinogonic and non-carcinogenic PAH ara
preseatod in Bornefl & Kunte, 1964,

& Sampling locations not known,
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TABLE 13

CONCENTRATION OF CARCINOGENIC PAH
IN PURE WATER SAMPLES ¢

Concenirntion

Sourco {noflitre)
I T
e |
8odansee, centrifuged 0.010
Well watar, south of Frankfurt I 0.028
River Main, centrifuged i 0.800

8 Taken from Bornoff, 1964a,

currently recommended by the World Health
Organization (1970).

After studics of the carcinogenic characteristics
of pipe coating matcrials it was suggested that the
latter were possible sources of PAH in drinking-
water (Druckrey et al., 1960; Zdrazil & Picha, 1962;

49

Hettche, 1963 ; Ciziceanu & Trandafirescu, 1966). |
laboratory studies PAH have been detected in wate
which was in contact with a protectine varnish cos
taining a coal-tar base (Rondia, 1966), as well
with bitumen used for painting the inside of pipe
(Bornefl & Kunte, 1965) (Table 15). The resulls «
the lauter experiment suggest the possibility of 2
increase in the initial PAH concentration in treatc
water while flowing through long bituminous watc
lines. However, after sullicient hardening and leact
ing, these materials probably become an insignificar
source of PAH (Bornefl & Kunte, 1964, 1965).

LFFECT OF WATER AND WASTE-WATER
TREATMENT ON PAH

The cffect of some water treatment proccesses ©
the removal of PAH has becn studicd. Table |
shows the concentrations of BP, carcinogenic ar
total PAH found in untreated and treated river an
lake water. As indicated there, the combination ¢
rapid sand-filtration and chlorination or ozonatio

TABLE 14
EFFECT OF WATER TREATMENT ON PAH CONCENTRATION®
” : Concentration (wgfitr)) | pme
Water gourco Treatment | — === T T T ey | of sampling
Carcinogenic Total
| 8P| YRS PAH (1964)
oL T .'.I:.' LT LT TR ' PN U S I ."_ —— P P P RO -
River Rhine © :
Samale'l Untreated o140 149 Mer.3
Samplo il Untreated | 0040 | o024 0.73 Mar. 3
Bank-fiitered
and ectivated .
carbon fiiter 0.000% 0.013 i 0.13 - May 11
H
Bodensee ¢ Untroated 0.0013 0.030 0.085 | May20
Sample i | Rapid sand 0.0118 0.054 0.£3¢ Mar, 20
filtratlon and
Sample Il chlorinatlon 0.0002 0.007 0.023% May 20
or ozonation
Sample I 0.0008 0.010 0.029 Apr, 7
Sample IV 0.0014 0017 0.062 May 21
Sample V 0.0024 0.025 0.072 May 21
Sample Vi 0.0040 0.028 0.066 May 19

@ Taken from Bornefl & Kunte, 1964,

¥ The 2 untreeted samples were taken at Mainz on the same day with an interval of 6 hours.
The treated sample was taken at an unknown location 2 months later. Therefore, the trentment cflect

cannot be directly evaluated.

© The locations lram which the various samples were collecled are unknown, and the sam.
phng dates vanod, Thercfore, tho treatment efliect cannot be dircetly evah.afed. However, 1t 18
known that the unirealed sample and the treated second sample vere collectud on tho same 42oy.

¥ No satisfactory explanation can be givon to the high vaiues.
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TABLE 15

CONCENTRATION OF PAH IN BITUMEN
AND CONTACT-WATERS

Concentration
(ug/kg, and ug/itro raspactivaly) b
Samplo -
8p Carcinogenici Total
PAH PAH
Bitumen 100 3400 . 3500

Water: Sample (@ 0.0125 0.080 0.200
Sample II'é 0.0033 0.043 0.110

0 Taken from Borneff & Kunte, 1863,

% Dotailed tables with figuros for the varlous carcinoganic
::& non-carcinogenic PAH are prosented in Borneff & Kunte,

€ The samplo was taken from distlliod water after 10 days in
contact with a coating of bitumen.

d Aftor Sample | was takon, the bitumenous coating was
continuously washed for 4 weoks with wator boforo a frash
distilled batch of water was put in for 10 days.

were not particularly cffective in reducing the con-
centrations of these materials, while the activated
carbon was primarily responsible for their reduction
in the Rhine.

River water, afler sceping through the river-bank
soil, still contains PAH, probably because the filtra-
tion docs not cflicicntly remove colloidal materials
{(Mallet, 1965, 1966). PAH have been recovered
from activated carbon used to filter such river-bank-
filtcred water (Borncfl & Fischer, 1962a; Bornc(T,

1964a), Similarly, the S_“g’:ﬁ'ﬂ_ﬂf—w_
Itration_js nqt high: yet the examination of filter

mud from backwash water of Bodensce rapid sand-

filters indicates a high PAH concentratior
showing somc removal (Table 16). Althou;
generally true that the betier the sedimenia
the suspended solids, the better the water
it has to be kept in mind that no significant =
of PAH in water should be expected becaur
compounds arc mostly associated with pzartic
small to scttlc in a simple clarification
(BornefT & Fischer, 1963; Borneft & Kunte,
On the other hand, flocculation of raw river
was found more efficient in removal of PAH
renz, 1967).

A number of laboratory studics were condu
the cffectiveness of gxidizing agents, such as ¢
and ozcne, on the reduction of BP and other
genic PAH in water.  The siudics using ¢
(Griif & Nothhaft, 1963; Trakhtam & Manitz
(Table 17), indicated rclatively slow remova
pared with the typical disinfection time of !
by chlorine. Thus, while some reduction of
achicved, the cfficiency of this tecatment is qu
able. Chlorination docs ignificantly i
the removal of PAH inlake-water treatmet
1964a; Bornell’ & Kunte, 4964) (Table 14).
other hand, eaperiments with wascous chlor
in doses and contact periods commonly pract
water treatment indicated a very high pen
of BP removal, and yiclded noa-carcinogen’
ducts (Reichert, 1968a, 1968b, 1968¢, BornefT,

Similarly, the treatment of a2 BP aqueous
with ozonc-cnriched air achieved it reduction
within 30 minutes. However, interference
process cfficiency by organic trace contaminz
been observed (BomefT, 1969). The removal ¢

TABLE 18
PAH RETAINED ON ACTIVATED-CARBON AND RAPID-SAND-FILTER MUD

(al ::on'c:r_maﬂon' ya - - R =
(7 of dry sample
Sourco of PAH s id - P Reference
gp |Carclnogenic;  Tolal
| . PAH PAH
- - -3z, - - . | s
Activatad-carbon 1 1 150 8700 Bornefl & Fischer, 195
The coarso sotiled particies from the backwash wator I
of a rapid sand flitor, collccted from a sodimontation |
basin . 50 12% l 15600 Bamofl & Fischer, 19¢
- - ma s wMmhe M ¢ GRS S QLR S e SR R A - I
Tho centntuged parlicles (down to 1) from the back- |’ . H
wash walar ol a rapid sand filter 200 3200 I 6200 1 Bomell & Fiacher, 1953
- - - - ——— - e - - - - —— - -—— e e wa !

- ce o —————— o e - - =

@ Dotallod tablos with figures lor tho varlous carcinagenic PAH aro prasontod in Barnoft & Fischar, 1952a, 1062b, 1¢
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TABLE 17
EFFECT OF CHLORINATION ON 8P CONCENTRATION

Initint + Intial Tnmo (h) neoded to lcduce - 14 i
i ap concentrition to: '
":::""',“' | con- oo - | Roference
- centration ' ' Y Y
(mgllitre) | (nghtre) vaive ; vnl,:na ! value | valuo | Z9"0
03 r S 3 ; - - - — Graf & Nothhaflt, 1963
X ) i | 2 - - -
0s i 2 } i - | - - 13
I '. ' ] 1 »
' [
, o3 | 1 ! o w! < i 2 | - | Trakhtman & Manits, 1950
1 1 1
1 1 '
08 : 1 T o . l -,

from drinking-water using ozone was further dis-
cussed by Rcichert (1969). When comparing the
degradation achieved for a number of examined
carcinogenic PAH, BP was found to be the most
resistant (IInitsky, 1968). The resistance of BP to
degradation depended on its state, and was greater
when it was adsorbed on soil particles than when
in solution.

Filtration through activated carbon is the most
ective_conventional _process for the removal o
“urthermore,
vated carbon did not show the presence of PAIH
(Bornefl' & Fischer, 1961a), indicating that in this
respect it is suitable for use in water Ucatment
{BornefT, 1964a). Studies on the use of activated
carbon for the trcatment of river-bank-filtered water
indicatc that the carbon removed approninuitely
9% of thec PAH (Bornefl & Fischer, 1962a).

It has been previously noted that BP and other
PAH are sensitive to light of various wavelengths.
It is thus likely that ultraviolet irradiation us a
water treatment process will reduce the concentra-
tions of thcse materials.

As a significant part of the carcinogenic PAH may
b¢ preseat in raw water while adsorbed on particles
or in suspension, mechanical treatment such as
wdimentation and filtration as well as flocculation
may have some effect on their removal. Adsorption
on activated carbon has been found most effective.
The best over-all res _ hig m
gmbined processes including both mechanical and
themical oness™By Such mcthods removal of up to
9% hus been achicved. However, no known method
las yet been found to reduce the concentration of
arcmogcmc PAH bclow about 0.01 pug/flitre, lhcur

Maomem-mw)

the examination of Tresh etz

TABLE 18
REDUCTION OF PYRENE BY A SEWAGE TREATMENT®

PY concantration
(ng/litro) %
reduction
In raw In fecd water to
sewago | _sond fiter | In final efMuont
1.00 0.38% .
0.43 0.15-0.23°7 48-85
0.51 0.45 12
—_

“ Taken from Wodgwood & Cooper, 1950,

® From an officient trickling flltration sowaga-treatmont
plant using rocirculation.

. € From an overloaded trickling-flitration sowage-treatmont
plant,

PAH in significant concentrations are found in
effluents from municipal waste-water trcatment
plants, partially duc to the slow rate of oxidation
in biological processes (Wedgwood & Cooper, 1956),
indicating the limited cfliciency of the treatment
processes, Table 18 prescnts data concerning the
reduction of pyrene in sewage by trickling-filter
treatment plants. The removal is not high. The
activatcd-sludge process when studied in the labora--
tory did not show any significant ability to oxidize
carcinogenic PAH. even after J44 hours (Lutin-
et al., 1965).

The cflect of dephenolization of shalc-oil waste-
water on the BP concentration was investigated
(Gortalum & Dikun, 1958; Dikun & Makhinenko,
1963; Veldre et al,, 1965a) (Table 19). It can be
concluded that in many cases complete removal of
BP is not achicved and additional treatment s
nevessiry.  However, filtration through a coke bed
cffects a high degree of removal.
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TABLE 19 .
REDUCTION OF B8P BY INDUSTRIAL EFFLUENT TRCATMENT PROCESSES

. 8P concentration
| (ngilitre) : o

Typo of treatmont e e = e | % ) Referanco
' Beloro | After ! romoval
‘treatment! treatment;
g ——— = .=1:—?-—'=?-
Dephenolization ! 10500 310% | 97 ' Dikun & Makhinonko, 1963
| .
Dopher:olization ! 200 S 97.5 ' Gortelum & Dikun, 1838
Dephanolization $-20 2 ! 60-80 ! Vaidre ct al., 1965a
Dephenolization 4-64 12-16 % 7 i Fedorenko, 1984
i
| ! i
Filtration through coke bed ¢ , 1000 ! 20 98 | wWedgwood & Cooper, 1958
i !

7 A bulyl acetato procass was uscd for dephanolization.
b A viological procoss was usad for dophanolization,
€ Similar removal efficiencics were achiaved for AC and PY.

HUMAN EXIOSURE TO PAH

Before considering the possible effects of PAH on
the health of man. it is useful to consider the quan-
tities 10 which he is caposed. 1t has been postulated
that as a resulk of the likcly world-wide synthesis
of PAIL by plants, as well as their other origins,
there exist environmental concentrations of BP of
the order of magnitude of 10 ja/kg-20 pa/ky of dry
organic substance (Griif & Dichl, 1966). BP, although
a most potent carcinogen, 1epresents only a relatively
small portion of the total carcinogenic PAH found
in cenvironmental samples. The majority of investi-
gators have dealt only with BP or another single
compound, and only a few studics touched on a
variety of carcinogenic PAH in the same c¢nviron-
mental samples (Bornelt' & Fischer, 1962a, 19620,
1962c, 1963; BorncefT, 1964a; Borne{l' & Kunte, 1964,
1965, 1967). The latter studies Icd to the conclusion
that there is no correlation between the concentration
of BP and that of the total carcinogenic PAH in the
environmental samples. However, BP docs generally
constitute between 1Y and 2092 of the total carcino-

. genic PAR (Tablex 3,9, 10, 12, 14, 15 and 16).

It has been previously noted that in one serics of
studics the general range of concentration of carcino-
genic PAH in ground-water and trcatcd surface
water is between 0.001 pgflitrc and 0.023 pg/litre
(Table 4). This may be taken as a likely range of
concentration in drinking-water supplies, although
higher values have heen reported (Table 13).

There have been numerous reports on the pollu-
tion of air by BP and other carcinogenic PAH (for

example, Hoffmann & Wyndcr, 1962). Such
stances may occur in air, sorbed on to a var’
particulate materials, and be inhaled by man.
cinogenic PAH have also heen identified in tc
simoke (Bentley & Burgan, 1958: Wynder &
mann, 1959). It has also been found that ca
genic PAH oceur in fresh and air-cured lo.
leaves indicating ihat combustion is not requin
their  production (Cooper & Campbell,
Campbell & Cooper, 1955; Campbell & Lir
1956, 1957; Bentley & Burgan, 1958, 1960: Sha
Krishnamurthi, 1963; Schmih!l, 1964). Man
also be eaposed to carcinogenic PAH from tl
of unsmoked tobacco as snufi. Examples of
of BP in such matcrials arc 54 ug/kg in a mixt
pipe tobacco and 270 pp/kg in Zulu snuil.

River and marinc scdiments, suspended ¢
zoo- and phytoplankicn and worms, have all
shown to contain various amounts of carcine
PAH (Tables 5, 6, 8, 10 and 11). Aqueous
scrve as a food and source of PAH for cdib’
and shelifish (Takle 7). from which the PAH
reach man. BP has been found in fish from the
Scince (Depuis, 1960) cadlish (Malfet, Perdn
Perdriau, 1963a), bluclish (Sith, 1954), and
dincs (Bourcart & Mallct, 1965). PAH have
been detected in various oysters and cdibic mo
(Cahnmann & Kuratsune, 1957; Mallct et al.,
Mallet, 1961: Mallet et al., 1963b; Mal
Schneider, 1964; Perdriau, 1964b; Bourca
Mallet, 1965).

Carcinogenic PAH have boen extracted fr
large varicty of frcsh plants, and were detect
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considerable amounts in vegetables, salads, grains,
fivits and cdible mushrooms (Griif, 1964, 196S;
Grimmer & Hildebrandt, 1965b, 1965¢, 1966: Grim-
mer, 1966: Griil & Dichl, 1966), as well as in vege-

table vils (Jung & Morand, 1962, 1963; Ciusa et al.,

" 1965; Ramel ct al., 1965; Bornefl & Fibiin, 1966

Craft & Norman, 1966; HMoward et al.,, 1966b;
Le Clerc ct al., 1966: Bicrnoth & Rost, 1967, 1968;
Grimmer & Hildebrandt, 1967a. 1968: Fibiiin,
196%a); from these reports it appears that the BP
conlent of active plant tissue is in the range of
10 pg'kg-20 pg/kg. In coconut oil its conlent may
rise to about 50 sug/kg while in most other examined
vegetable oils BP content was found to amount to
only a few pug/kg.

Numerous rcports have been published on the
evistence and concentration of carcinogenic PAH in
various fried, grilled, roasted and smoked fish and
mcat products as well as in coffee, with particular

' attention being given to BP (Bailcy & Dungal, 1953:

Gorclova & Dikun, 19582, 1958h, 1961, 1965:
Kuratsune & Hueper, 1958, 1960; Dansi & Zanini,

¢ 1959; Dungal, 1959, 1961a, 1961h; Gorelova et al.,

1959, 1960, 1963a, 1963b; Nugmanov et al., 1961;
Shabad, 1961: Lijinsky & Shubik, 1964, 19652,
YuSh; Dikun, 196352, 1965b; Ramel ot al., 196S:
Grimmer, 19067 Grimmer & Hildebrandi, 1966,
19673, 1967b; Howard ct al., 19664, !966c; Le Clere
et al, 1966; Kuratsune ot al., 1966; Masuda ct af.,
1966; Sigurjonsson, 1966a, 1966b: Lijinsky, 1967;
Fibidn, 1968b, 1969; Thorsicinsson & Thordarson,
1968; Knybill 1969; Thorstecinsson, 1969). Levels
of BP in such processed foods are, for example,
31 ug/kg in smoked fish and 200 g/kg in coffee soot.

A recent review (Hacenni, 1968) discusses the scien-
dfic rationale and the analytical principles underlying
:ontrol in the United States of America of the con-
amination of the food supply by potentinily carcino-
jenic PAH arising from the use of food add:tives.
fhe revicw supplements and brings up to date an
tarlier paper by Gunther & Buzze!u (1965) which is
wen broader in scope.

HEALTH CONSIDERATI!ONS

Lln order to consider the possible eflect of PAH on
an, it js pertinent to discuss their relative carcino-
'mclm-.q. For the most part conclusions as to the

tency of these carcinogens are bascd on laboratory
imal experiments only, although one indirect and
»o dircet applications of BP 10 the human skin
uve been reported (Klar, 1938; Cottini & Mazzone,

I

1939: Rhoads ct al., 1954). The potency of these
substinues varics with the species. It is belicved
that some PAH are indeed carcinogenic to man,
the most ubiquitous and potent one being possibly
BP (Falk ct al.,, 1964). On the other hand, the
importance of weak carcinogens has been empha-
sized, as these may be the significant agents in human
carcinogencsis (Kennaway, 1955).

A number of attempts have been made to compare
the potency of the various carcinogenic PAH. 1ball
(1939) has introduced the ™ carcinogenic index ™,
defined by the percentage of tumours produced
over the average latent period in days. Berenblum
(1945) has supgested a series of 12 ™ carcinogenic
grades °. For simplicity Badger's system involved
4 grades of carcinogenicity (Badger, 1948). More
recently a * relative activity index ™ has keen devel-
oped using 3 grades only (Wyvnder & Hoftmann,
1959; Hoffmann & Wynder, 1962). Table 1 lists
a varicty of PAH graded by their method. In all
the previously reported methods the gruding has
been based on the relative potency of the carcino-
gens o the skin of mice, BP being among the most
active,

BP, although a potent carcinogen, constitutes only
a relatively small portion of the totd circinogenic
PAI1 found in cnvironmental samples. Mast investi=
gators have determined the levels of a single, or at
most a few, carcinogenic PAIL in environmental
samples. The work of BornefV indicates that BP
generally constitutes between 1% and 209 of the
total carcinogenic PAH (Tables 3, 9, 10, 12, 14,
15 and 16).

Although being carcinogenis to animal tissue, PAH
do not produce carcinomas or cell changes in plants
(Manil & Straszewska, 1950; Blochinger, 1961; and
others). Further, it has previously been noted that
PAH may promote the growth of plants and that
this characteristic may be rclated to their carcino-
genicity in animals (Grif, 1964, 1965).

As some derivatives of BP and other carcinogenie
PAH arc formed during disinfection of water with
oxidizing agents and ultraviolet radiation, and
through various biochemical reactions, it is of inter-
est ‘to bricfly examine the carcinogenicity of such
derivatives, Except with the addition of methyl
groups and homologous alkyl derivatives, most BP
derivatives at most have wcak carcinogenic actis
vity (Butcnandt & Dannenberg, 1956). However.
10-chloro compounds do cause tumours, $<Chloro-
benzpyrene, tormed during chlorination (Reichert,
1968a, 1968b), was first suspected 10 be carcinogenic



(Grif & NothhafM, 1963) but proved in later ex-
perunents not W be so (Miiller & Reichert, 19609).
The quinones, on the other hand, some of which
are also formed during chlorination (Reichert, 1968a,
1968b), do not produce tumours (Butemandt &
Danncnberg, 1956), and may inhibit other carcino-
gens (Buu-Hot, 1959).

' There are very few studies concerning the statisti-
cal corrclation between cancer and drinking-water.
Furthermore, no epidemiological evidence is avail-
able as to the excessive liability to cancer of a popu-
lation obtaining its drinking-water from bodies of
polluted raw-water (Hueper & Conway, 1964). It
was, ncvertheless. noted that 4 London boroughs,
supplicd largely by well-water, had lower cancer

mortalitics than most of the other boroughs supplicd -

with river water (Stocks, 1947). Another study con-
cluded that the highest cancer death rates are for
communitics supplied by river water, followed by
well water, and heath water (Dichl & Tromp, 1954;
Tromp, 1955). Nanc of these studies attempted to
corrclate cancer morbidity with concentrations of
PAIL. Finally it should be noted that one epidemio-
logical study of the incidence of gustric cancer con-
cluded that social factors and the kinds of soils
present reduced the correlations otherwise obtained
with the type of domestic water supply (Wynne-
Griftith & Davics, 1954; Davics & Wynne-Grillith,
1954).

Although many cxperiments to determine the car-
cinogenic activity of BP have been conducted on
various laboratory test animals, it is not within the
scopc of this rcview to summarize, comparc or
evaluate the experimental results, Yet it should be
noted that the possible distribution in the body of
ingestcd BP has been demonstrated (Poel, 1963):
when fed to mice the BP was absorbed from the
alimentary tract and distributed to various body
organs. Forc-stomach tumours have developed in
some mice within a year when administered with as
little as 0.062S mg of BP per dosc twice weekly in
0.! ml Tween-60 by gastric intubation. However,
differences in the carcinogenic susceptibility to BP
among various specics of test animals have been
abserved, For example, BP is highly potent for the
skin of mice, but only weakly active for that of
rabbits (Hucper & Conway, 1964). Therefore, it is
not possible to deduce the cffect of BP on humans
from the resulty of experiments on animals. !

Iixperimental work with mice, studying the rela-
tive tumour yicld obtained with subcutancous injec-
tions of various amounts of BP (Payne & Hueper,

1960), has furthar confirmed “. . . the general im
»on that repeated evposure ta carcinogenie chem
are more cflective thun an cquivalent single expos
. .. Repeated doses of a carcinogen are, morcec
bound to overcome any moadifying or inhibi
influences which any constitutional and genetic
dependent factor of the host organism may exel
the development of the cancerous response ™ (Hu
& Conway, 1964). Therefore, the cxperiments
scribed {Payne & Hueper, 1960; Poel, 1963;
indicate the potential danger of continuous expc
to carcinogenic PAH introduced into the gas
intcstinal tract by water and food, even at low ¢
centrations. However, it can be assumed thata .
percentage of the carcinogenic PAH or their m
bolites will be climinated quickly through the u
and facces (Chang. 1943; Weigert & Mottram, 1S
1946b; Gerarde, 1960).

It should be kept in mind that the usual relat
ship of cffcctive doses oftoric compoundsin prc
tion to body wcight may not nccessarily hold
carcinogens because a tumour can develop at
point of contact with the carcinogenic mate
Thercfore, the probability of cancer being produ
in the human should not be directly related to ani
size (Gerarde, 1960).

Until recently, threshold limits for carcinog
PAH have not been determined (BornellT & Fisc
1962b), and many investigators belicve that ¢
the slightest cxposure will cause irreversible ef”
(Hnitsky & Varshavskaya, 1964). It is thus obser
that carcinogens differ from some other toxic ag
in that no safc level exists (Druckrey, 1954; Boyla
1958). Therclore, it has been suggested that
threshold limit be set practically at zero (Gera
1960). However, this rccommendation is negs
by the presence of carcinogenic PAH inso o
plant tissucs as to render the setting of such a i
impracticable.

Man is exposed to carcinogenic PAH from nr
sources. A comparative study of their rela
importance has, however, not vet been done. It
been suggested that the carcinogenic material inge
by man from drinking-water should not surpz
tenth of this material taken-up from normal ur
air. This would limit the maximum permiss
concentration (MPC) in water to 0.017 jgflitre,
with a daily consumption of 2.5 litres of drink
water, 10 about 15 pug yearly, and about 1 myg
lifctime (BornellT & Fischer, 1962b: Kruse, 18
The first recommendation has recently been m
concerning PAH in drinking-water supplics, prc
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ing the normal concentration of 6 PAH, selected for
ey determination, to be 0.1 pgflitre, and limiting
the minimum recommended concentration (MRC)
to 0.2 jdlitre (Bormell! & Kunte, 1969: World
Health Organiztion, 1970). Of the 6 selected PAH
only 3 arc carcinogenic (3,4-BF, BP and IP) with
an MRC of about 0.03 pg/litre, of which BP com-
priscs about one fourth. Calculations based on
4 drinking-water samples (Table 13) indicate an
annual human consumption of carcinogenic PAL
of about 6 ag2, 9 pag, 22 pug, and 70 pg, respectively,
for the population served.

It may be cstimated that bank-filtered water from
the Rhine would result in a yearly total ingestion
of 50 to 500 pg of carcinogenic PAH (Bornell &
Fischer, 1962a). Similarly, a river water source con-
wining 0.1 pg/litre of BP would resuit in 90 ug per
vear (Dikun & Makhinenko, 1963). However, any
current limits sct on the amounts of these materials
should be taken with reservation because they are
not based on knowledge of their toxic effects.

Although currently the consumption of PAH-
centaining wiiter is probably not dangerous, the
combination of sources cannot be excluded as a
potential hazard. When one considers that animal
evperiments have shown that repeated eaposure o
circinogens I8 more cffective than an equivalent
ungle dose, once should not negleet the possibility
of cancer from the repeated life-long exposure to
circinogens in air, food and water. Kotin (1958)
wid that repecaied obscrvations on the cumulative
cifect of carcinogens strongly suguest that given
erough time and a sufficient exposure in the pre-
sence of other pathogenetic factors, the inevitability

uof cancer formation is onc of the few certaintics.

of life.

Therefore, the presence of PAH carcinogens in
water, food and air is undesirable. Morcover,
hecauso of the technically unavoidable contamina-
tion from background, consideration should be given
10 avoiding increasing the Ievel of carcinogenic PAH
in food, such as from additives or processing, us well
zs limiting where practicable their concentrations in
water and air.

CONCLUSIONS

The report of the WHO Expert Committee on the
Prevention of Cancer (1964) touches on the cnviron-
miental aspects and states:

FHiective measures are needed to prevent the introduc.

-1 of carcinogenic industrial wastes into the atmosphere
1l into public waters serving as sources of drinking-
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water supply.  Such precautions are particularly neces-
sy when these wastes e stable and  cumualatave.
Although at present no clear esilence essts that such
cargmogeme industrial contaminanis of wr and water
have become an actual envirommental cancer hazard to
the genentl population, they should bhe viewed with
serious concern, S0 as to forestall such complications in
the future.

The conclusions that can be drawn from reviewing
the literature are as follows:

(1) The health significance of traces of carcino-
genic PAH in drinking-water is not yct known.

(2) With the present trend to reduce the pollution
ol surface waltcr, attention should be given to reduc-
ing the amounts of carcinogenic PAH.

(3) Good ground-water may contain on the aver-
age 0.001 pg/litre-0.01 ug/litre of carcinogenic PAH,
probably leached from the soil by infiltrating surface
water, thus making such concentrations technicaily
unavoidable. However, walcrs with higher concen-
trations, such as in lakes and rivers, should be exam-
ined for their carcinogenic content when considering
their use as raw supplics.

(4) Detergents and mineral oils in surface water
muay :lTeet solubility of PAIL. Generally, however,
the present concentration of detergents is probuibly
too low to have a significant etfect.

(5) River-bank filtration generally docs not remove
enough carcinogens, nor docs scdimentation, rapid
sand-filtration, or chlorination. On the other hand,
activatcd-carbon filtration at a sufficicntly low filtra-
tion rate eliminates these carcinogenic substances to
a great cxtent. Treatment with chlordioxide or
ozone also appears to be promising. Because most
current treatment processcs do not {rec the water
of carcinogenic PAH, thesc processes, as well as new
mcthods, should be cxamined and developed with
& view to improving their performance.

(G) The diffcrence in concentration of PAH car-
cinogens naturally present in water (from soil, plants
and plankton) on the onc hand, and in contaminated
cffluents (of municipal and industrial origin, and
road run-off) on the other, suggests that PAH are
indicators of"water contamination.

(7) Because of the technically unavoidable natural
background of carcinogenic PAH to which man is
cxposed from water, food and air, and due to the
probably cumulative effect of those sulstances. the
introduction of carcinogenic additives in food, such
as dyes and preservatives, should be avoided, or at
least limited as much as possible,
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RESUME

LES HYDROCARBURES AROMATIQUES POLYCYCLIQUES DANS LE MILILU,
ET CN PARTICULIER DANS L'EAU

On sait que beaucoup d’hydrocarbures aromatiqucs
polycycliques sont cancéropénes pour ['animal, ct
probablement aussi pour I'homme. Létude actuelle
passe en revuc les divers aspects du probléme que pose
la présence dans I'eau dc ccs composés, parmi lesquels
le benzo-3,4 pyréne retient particulidrement I'atiention
cn raison de son ubiquité, de son pouvoir cancérogéno
dlevé ct des nombreuscs recherches qui lui ont été
consacrées,

Les hydrocarburcs aromatiques polycycliques sont
généralcment le produit de la combustion et dc processus
exigeant dc trés hautes températures, mais leur omni-
préscnce dans le milicu améne A considérer comme
vraisemblable leur synthése par les plantes et les micro-
organismes. On les trouve dans des conditions excluant
toute contamination résultant d activitds humaines,
dans lcs foréts vierges, Ics boues, Ies sédiments ct dans
la florc ct la faune d¢ beaucoup decaux naturclics.
Bicn quc spontanément iris peu solubles dans 1'cau
pure, ils peuvent étre solubilisés par certaines substances
comnwre les détergents et tes huiles minéraiex. 1is peuvent
¢étre véhiculds & distance aprds avoir ¢é adsorbés sur

des éléments de la faune et de la florc ayuatiqu
de leurs particularitéy cst J Ctre sensibles & la Jur

De multiples activités entrainent Ja production
carburcs aromatiques polycycliques ct les effluen:
tricls en déversent de grandes quantitds dans I
Les caux d'égout cn contienncnt, de méme que
humaine. L'examen d'caux dc diverses origic
tindes ultéricurement aux usages domestiques
qué la concentration dcs hydrocarbures can«
est minimale dans les eaux souterraines ct qu'elle s
dans les eaux traitées ct surtout dans ics eaux
face. La plupart des techniques classiques de trz
decs caux (filtration rapide sur sable, chloratior
ment par 1°ozone) n"ont qu°unc eficacité limitée «
regarde 1'¢limination de ¢cs composés. La filtral
charbon activé danne les meillcurs résultats,

Il cst impossible de mettre "homme comp
4 I'abri des cffets des hydrocarburcs aromatiqu
cycliques qui sont partout présents ¢ans e me
reprdwentent donc wne menace patentielle, bicn
concentrations décelées jusqu’d prosent ne
pas dangercuses,
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